ABSTRACT
modalities, including clinically localized disease in younger and low morbidity patients. Due to technical refinements such as improved ultrasonography imaging and routine use of urethral warmers and small gauge needle delivery systems, complication rates have significantly decreased and renewed the interest in this treatment modality (2) (3) (4) (5) .
Cryoablation triggers cell apoptosis with continuing cellular destructive mechanism and intracellular osmotic injury (6) . The indirect mechanisms involve thrombosis, ischemia -reperfusion injury, and programmed cell death. Reports from the US and European academic centers demonstrated that cryosurgery for the treatment of prostate and renal cancer offers good oncological and functional outcomes and is gaining acceptance worldwide (7, 8) . In Brazil, the Agência Nacional de Vigilância Sanitária (ANVISA) approved the cryoablation technology in 2007 under the following registration codes: 80181930029 and 80181930032. The objective of our study is to present the first Brazilian cryoablation experience in the treatment of low and intermediate risk localized prostate cancer.
MATERIALS ANd METHOdS
A total of 10 male patients underwent primary cryoablation for localized prostate cancer between October 2010 and June 2011 and included in the study after institutional review board approval; an informed consent was obtained. All patients had biopsy-proven prostate cancer and were classified as low to intermediate risk according to D'Amico risk stratification. Preoperative data collection included patient demographic data, prostate gland size, Gleason score, serum prostate specific antigen (PSA), and potency.
Operative and postoperative assessment included estimated blood loss, operative time, complications, serum PSA, potency, urinary incontinence, biochemical disease free survival (BDFS), and clinical follow-up. Beginning at 3 months urinary incontinence and erectile dysfunction were assessed. Incontinence was defined as uncontrolled leakage of urine through the urethra requiring at least one male incontinence pad. Potency was diagnosed by a self-reported ability to achieve erection for intercourse without any pharmaceutical or vacuum device assistance. Biochemical disease free survival was determined using American Society of Therapeutic Radiation Oncology (ASTRO) criteria of three consecutive rises in PSA level and with the Phoenix criteria of PSA nadir plus 2 ng/mL. Complications were graded using the Clavien-Dindo scale (9). Clavien I-II complications were considered minor while Clavien III-V were classified as major complication. Data collection and statistics used Microsoft Excel (Microsoft Corporation, Redmond, WA). Data were reported as mean ± standard deviation and frequency (percentage of total).
All procedures were performed with Cryocare System® (Endocare, Irvine, California). Cryoablation involved a dual freeze-active thaw cycles using 8-17 gauge cryoprobes with helium and argon gas. The patients were placed in a lithotomy position and cryoablation was performed under general anesthesia. Cryoprobes and thermocouples were placed with assistance of a brachytherapy grid guided by transrectal ultrasound (TRUS) in both the sagittal and the transverse planes. Thermoprobes were placed at the urinary sphincter and Denonvillier's fascia. The urinary sphincter and Denonvilliers thermocouples monitored temperatures close to 0º C to protect the anterior rectal wall and urinary sphincter. Cystoscopy was conducted to confirm correct cryoprobes placement and that the needles did not penetrate into the urethra or bladder. A urethral warming catheter set at 42º C protected the urethra for the entirety of the procedure. A Foley catheter was placed following cryoablation. Patients were discharged within 24hrs. post-cryoablation with the Foley catheter. On postoperative day 5 the catheter was removed. Patients returned for follow-up 1 month after the procedure, and every 3 months thereafter. Serum PSA was collected at every visit. Penile rehabilitation was performed in patients without preoperative erectile dysfunction. These patients were encouraged to use daily Phosphodiesterase 5 inhibitors (PDE 5 i), i.e., Tadalafil 5mg and a vacuum erectile device twice a day.
RESULTS
All patients in the study successfully underwent whole gland cryoablation as primary treatment for localized prostate adenocarcinoma. Table-1 shows patient demographics and preoperative disease characteristics. Mean age was 66.2 years old. Average prostate size was 40.7 grams. Mean PSA was 7.8 ng/dL and mean Gleason Score was 6. Patients were evenly distributed between low and moderate according D'Amico Score. Half of the patients were defined as potent preoperatively. Mean follow-up for all patients was 13 months (7-15 months). Surgical outcomes are presented in Table- 2. Blood loss was minimal in all procedures and operative time was < 60 minutes. Figure-1 depicts changes in PSA level; pre versus post-operative PSA for each patient and the average PSA level (ng/mL). Of note, the highest postoperative PSA (1.44ng/mL) occurred in the patient with the largest prostate (70 grams) whose initial PSA was 5.51ng/mL. There was no biochemical relapse observed during this short-term clinical follow-up. All patients who underwent penile rehabilitation were able to achieve erection for penetration with pharmacological therapy. Two patients required PDE 5 inhibitors alone while the remaining three patients responded to intracavernosal therapy.
No intraoperative complications were observed and all patients were discharged within 24 hours post procedure. Table-3 demonstrates postoperative complications. All complications were Clavien Grade I. Hematuria was observed in 3 patients. Two of the patients with hematuria were associated with coagulation issues, i.e., low platelet count and liver dysfunction. Complete resolution of hematuria occurred after medical therapy and clot evacuation. Two patients were diagnosed with urinary retention at 2 weeks postop and required Foley catheterization for an additional week. Both (10) . The technique encompassed transurethral freezing of the prostate without the proper technology to position the cryoprobes adequately and to monitor the extension of the ice ball. This resulted in severe and frequent complications such as urinary incontinence, urethral sloughing and recto-urethral fistulae. After 1980, Onik et al. refined the technique by using interventional radiological procedures and transrectal ultrasound (11) . The TRUS -guided transperineal placement of cryoprobes with real -time monitoring and control of the freezing process has significantly decreased the complications (12, 13) .
Since the use of urethral warmers, thermocouples in Denonvillier´s fascia and neurovascular bundles and the application of gas -based cryosurgery, complication rates have further decreased (14, 15) . The introduction of argon gas for freezing and helium gas for thawing permitted a dramatic reduction in the diameter of the cryoprobes. The ultrathin 17 -gauge (1.47 mm) cryoneedles have a very sharp tip and because of the smaller diameter, more needles can be placed. This permits a precise contouring of the ice ball, subsequently resulting in a more effective ablation of the gland (16) . These developments have significantly minimized the scrotal swelling and perineal ecchymosis that occurred after the procedure (17) . By active instead of passive thawing the procedure can be performed much quicker. Most patients are discharged from the hospital either the same day or the following day after treatment (7) .
The use of a urethral -warming catheter decreased the sloughing rate of the urethral mucosa and subsequently the risk of obstructive problems (2,5). Consequently, cryosurgery was recognized by the American Urological Association (AUA) as a therapeutic option for localized prostate cancer in 1996. Cryoablation is recognized as an established minimally invasive procedure for the treatment of localized prostate cancer in both the primary and salvage setting (18) (19) (20) . The Brazilian Society of Urology initially determined cryoablation an experimental technique. The newest Brazilian recommendation published in 2011 ascertained the 2009 decision that cryoablation is a treatment option for localized prostate cancer, especially those with comorbidities (21) .
While new advances in technology for the treatment of prostate cancer can be very costly with little clinical data to support large financial investment, i.e, robotic radical prostatectomy, cryotechnology may be a cost effective treatment modality, saving the institution and the patient significant resources (22) . The evolution of cryoablation has further decreased the learning curve for procedure. The percutaneous needle ablation simplifies surgery compared to other therapies such as open, laparoscopic or robotic prostatectomy. Outcomes from the Cryo On-Line Data registry reported that among the 1.198 consecutive patients who underwent primary cryoablation, 3.6% of patients developed urinary retention and 0.4% rates of recto-urethral fistulas (23) . In our study, no recto-urethral fistula was observed. Two patients developed acute urinary retention that resolved after prolonged urethral catheterization.
Biochemical failure after cryoablation of prostate requires re-biopsy of the prostate. Other Brazilian investigators (Hayek et al.) published their recurrence rates with cryoablation in 21 high-risk patients in 2007 defining biochemical failure as PSA > 1.0 ng/mL using an older cryo system. The PSA failure rate was 39%, 52.9%, and 42.8% at 12, 24, and 60 months of followup, respectively. In that study 12 (57.2%) patients had biochemical failure, while 7 (58.3%) of these patients had positive prostate re-biopsy. They concluded that prostate cryoablation is a minimally invasive treatment with promising results, resulting in low complication rates for high risk patients with prostate cancer (24). Jones et al. using the COLD registry database reported a 5-year BDFS in 1.198 patients using the Phoenix criteria of 91%, 78%, and 62% for low, moderate, and high risk respectively (23) . Cohen et al. demonstrated a 10 year BDFS of 80.6%, 74.2%, and 45.5% for low, moderate, and high risk patients using the Phoenix criteria (25) . A randomized trial comparing radiation and cryoablation for patients with localized prostate cancer showed similar results regarding BDFS and overall survival after 3 years of follow-up between the two modalities (26) . In our series, we demonstrate the first series of Brazilian patients with low and intermediate risk prostate cancer treated with cryoablative technology. Using ASTRO and Phoenix criteria, our short-term follow-up revealed no biochemical recurrence.
Reported incidence of urinary incontinence varies significantly due to lack of standard definition. Past studies have shown that the incidence of incontinence with modern cryotherapy may range from 1.3% to 7.5%. Jones and Long reported in their series a total incontinence rate of 4.8% with 2.9% of patients requiring pads (24, 27) . The 0% urinary incontinence rate (no pads) in our present series may be due to a smaller group of patients and a biased population with low risk and healthier medical status. Two patients that presented with mild acute urinary incontinence post-surgery resolved spontaneously and/or with biofeedback therapy within 30 days post-op.
Historically, investigators believed that prostate cryoablation would permanently cause erectile dysfunction in all patients. Impotence rates vary in the literature. Asterling et al. published a prospective evaluation of sexual function in 53 patients who underwent cryosurgery as a primary treatment for prostate cancer with 39% of return of sexual function (28) . Additionally, Lambert et al. reported up to 71% return of potency in their study (29) . Ellis et al. emphasized the application of penile rehabilitation post cryotherapy to achieve erection for intercourse with or without oral pharmacological agents. In their series, the return of potency rates was 41.5% and 51.3% of patients at 12 months and 48 months post cryo treatment respectively (30) . In the only randomized trial comparing cryoablation with external beam radiation for localized prostate cancer, Donnely et al. demonstrated equivalent results between cryoablation and radiation after a follow-up of 3 years (26). Although our study had relatively few patients, 50% of these patients had erectile dysfunction before treatment. The underlying causes for this were not explored with the patients, but more men with localized prostate cancer have reported sexual problems than similarly aged men without prostate cancer in comparison group studies (31, 32) . Some of these problems appear to be disease-linked, regardless of the type of treatment used (33) . In our series, we performed early penile rehabilitation in patients that were potent pre-operatively and desired return of sexual function post-op. Interestingly, all patients that underwent post procedure penile rehabilitation were able to have sexual intercourse with penetration with pharmacological aid.
Technological and procedural modifications of cryoablation have led to a new era of cryotherapy for the treatment of prostate cancer. Indications and complications due to prostate cryoablation evolved offering a new minimally invasive modality to manage localized prostate cancer with minimal to no required hospital stay, acceptable quality of life and oncological outcome. Worldwide medical practices have adapted new technological advances with caution and especially nowadays they must consider adequacy of treatment including cost-effectiveness, quality of life and oncological outcomes based on scientific evidence for the treatment of localized prostate cancer.
This study has several limitations to be considered. The study is retrospective and has a very small number of patients. Oncological data still requires longer follow-up for a more robust conclusion. We did not use a validated questionnaire to access erectile dysfunction. However, this is an initial experience that demonstrates the successful treatment of localized prostate cancer by 3 rd generation cryoablation in Brazil.
CONCLUSIONS
Cryoablation is an accepted minimally invasive surgical option for the treatment of localized prostate cancer worldwide. Our initial results concur with current clinical data available since 10 patients were treated for minor complications. Third generation cryoablation has a low learning curve. Short term data seems to be promising but longer follow-up is necessary to verify oncological and functional results.
